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Background 

When light is scaueredfromamolocul., mosxofthe photons are elastically scattered. 7^"^^* 
r^edphotoi* have to some energy (frequency) and wayclanglh as to mtatp ^^"^ 
rffwl7of the Hftht (approximately I in 10 7 photons) is scattered at frequencies diifcrent from, and 

W^ytX SJ, it has a longer wavelength than the incident photon (termed Stokes scatter). 
Conversely, when it gains energy, il hte a higher wavelength (termed anu-Slokea scatter)- 

vwh*i»b:» — i The process leading to this inelastic scatter is 

termed rhe Raman etfect (after Sir C.V.Raman, 
who discovered it in 1928), and is associated with 
a change in the vibrational, rotational or electronic 
i : n a* (5 '.dws) energy of the molecule. Energy transferred from 

lft ,, lDl J j ^ photon to the molecule is usually dissipated OS 

beau Similarly, it is possible for thermal energy » 

-inaiCsr.i^rt>^$) * be transferred to the scattered photon, mus 

decreasing US wavelength. In classical terms, mis 
Yb'Ci..?no ,, eve i interaction can be viewed as a perturbation of ihe 

molecule's electric field, which is dependent notjusl on the specific chemical 

«L« confoWon and environment The energy Irenes between .he P^- and^c 

4L*d photon * cdu*l to me energy of a vibrational state of ?^^ P ^^ 
density of me scattered light vsrsus the energy di&i^e (wavelength) » termed me Raman spectrum 

[RSJ. 

The Raman scattering from a compound or ion 
within a few Angstroms of a staictured metal 
SLiriacc can be 10 5 to 10* * grater than in 
solution. This surface-enhanced Raman 
scattering f SiiRSl is strongest on silver, but is 
readily observable on gold and copper as well. 
Recent srndies have shown that a variety of 
transition metals may also give useful SERS 
onhanccmcnts. The SERS effect is essentially 
a quenching of fluorescence caused by energy 
transfer between the molecule and an 
electromagnetic field near the surface of the 
metal (see figure, right). The electric vector of 

the excitation laser <D induces a dipoie in the — — — — - „m,«-my 
i\Yont c metal. The restoring to 6™ 0» positive polarisation charge ««h m_ ««™J 
SLgoctic field at a resonam frequency of this excitation. In the Raylcjeh taw ^ 
££ZiTKA mainly by the density of free electrons at to surface of the meal (the ptosmonO 
nTso-caUed «pW wavetenfith'. a. well a* by the dfelectrie counnb of the metal and ,* cnv.ronment- 
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Mofecul™ adsorbed or m close proximity to the surfi.ce experience rm cxccpHonally brge elscirooagncBc 
field in which vibrational modes nnmial to the surface arc most smmgly enhanced. rb» « the surfec, 
Pbstnon resonance [SPR1 eflfecu wlricn enables a through-space energy transfer between the plasmons and 
'the molecules near the surface ©. Scattered photons may men be measured asms convenUonal 
spectroscopic detectors ©. The intensity of the surface plasmon resonance is dependent on many factors 
including xhe wavelength or the incident light and iha morphology of the metal surface, since the 
waveknith siotdd match the plasma wavelength of the metal. SPR can be performed usmg colloidal metal 
parfclcafor thin metal films. For a $»m silver particle the plasma wavelength is nbout382nm. butilcanbe 
a, high as 600nm fcr loiter clKpSOidal silver particle.. The plasma wavelcngtli is to the md of £to<nf* 
cooper and gold particles, the other two metals which show SERS al wavelengths m the 350-1000nm 
roS- ^ Smorpholoey for surface plasmon resonance atcitntion is a small (<l00nm) paruclc or an 
aroraicaJiy rough surface on a thin (era. 50ntn) metal film. 

The SPR effect is also used as an analytics! 
technique i» ri E nt (see Figure, left). An 

excitation laser © is arranged so thai it 
impinges on the metal surface ac an ange close 
TO the critical Angle (determined by the 
refractive index of the metal). The SPR effect 
causes an 'evanescent wave' @, an 
elecmnnngnetic Geld which extends 
approximately 40(mm from the metal surface. 
Energy transfer <3> between this field and the 
aiialyte xnolecuie(s) results in a change in the 
inienaily of refracted light ©, which can he defied using conventional spectroscopic devices. 

Bom RS and SPR are powerful lechnioncs ^vhich are routinely used to follow molecular inlcmctions or 
aerify molecules at extremely low concentrations. This invoiicion describes a way to combme the two 
lolnWa to allow the simultaneous measurement of the RS and SPR effects, and to selectively cmhanc* 
the interaction between Hie surface piusmons and the analyte molecules, ft also describes the incorporation 
of detectors for both effects onto a lab-on-a-chip ?cale device. 




The Idea 



It is possible to combine both RS and SPR ^^(^i^t^ii«5^iMi^^ oScti''"" 0 
technologic* into a single detector (see 
figure, right). The two detector System* c«n 
operate iiidependenlly,, giving disctrete or 
iimultancous measurements of the same 
analyte sample. However, they cmi also be 
used synergistically, which ia the key 
invention Gf this patent proposal. 

The efficiency of energy transfer between 
Ihe molecular system and the plasmon field 
is dependent upon a match between the 
vibrational energy siaies of the molecule, 
and the quantum energy states of the surface 
plastnons. The former is determined by the 
molecular structure and environment, and the latter by the wavelength of the excitation laser and the 
composition and geometry or tho metal particle or layer. This means that the SPR wavelength is ttowM* 
either by controlling the excitation wavelength (e.g. by u-ing a digitally-tunable diode laser) or the 
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composhicn. and llncknuss of Ihc mclal layer. The SPR effect can therefore be selectively optimised to 
maxiimse the SERS signal from a particular analyte molecule. The benefits of this are mar the strength or 
the SERS signal can be subsmatially increased for a given molecule (enabling a more sensitive detection), 
and taat the SPR field can be adjusted to selectively enhance the signal irora particular components of 
complex biological mixtures. Sine© me combined detector uses an artificial SPR field to absorb the 
fluorescence from the analyie molecules, I proposo giving it the acronym SPARS, for surface plasmon 
absorbance Raman spectroscopy. 

for a lab-on-a-chip device, there is the additional possibility of controllmg the exnet composition of the 
metal layer. Modifying the mcml surface with a variety of dopant atoms would provide an additional means 
of modulating the plasma wavelength, maybe even resulting in an elecfca>mcally-coniio)lable SPR field. 

The R5 and SPR component* Can be physically separated, with me RS laser and detector arranged 'above 1 
the analyte molecules, and the SPR laser and detector arranged 'below' mem. The benear of this for a kb- 
on-a-chip application is thflT ic provides modularity: detectors can be built in all three combinations (RS 
only, SPR only, and SPARS) using the same basic components. 

It may even be possible to extend the idea to allow three simultaneous detector technologies to ha 
incorporated into the sams device. If Qie metal film is etched appropriately (and deposited on a suitable 
piezoelectric substrate, such a* quartz), it could be formed into a surface acoustic wove [SAW1 delay line. 
Since a SAW operates using completely different physical principles to the optical RS and SPR 

devices, it should not interfere in airy way with their signals. 

The SPARS detector, if it can be demonstrated to work, therefore offers the exciting possibility of 
developing a modular, multi-purpose lab-on-a-chip detector system which vould enable the simultaneous 
collection of data based on .several different physical principles. This would be a novel invention giving 
' Mtcch a substantial advantage over our competitors. 
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